DNA from infectious laryngotracheitis virus (ILTV) was randomly sheared and cloned into the M13 bacteriophage. Clones containing ILTV DNA were sequenced and the predicted amino acid sequences were compared to the known sequences of other herpesviruses using computer analysis. Twenty-one ILTV genes were identified, 20 by comparison to varicella-zoster virus and 19 by comparison to herpes simplex virus type 1 ; only 12 genes, giving consistently lower homology scores, were found by comparison with the gammaherpesvirus Epstein-Barr virus, indicating that ILTV sequences bear greater similarity to other alpha-than to gammaherpesvirus sequences.
Infectious laryngotracheitis virus (ILTV) causes respiratory disease in chickens resulting in mortality rates in excess of 20~, as reviewed by Roizman (1982) . The currently available vaccines also cause infection and have an ability to persist post-infection(p.i.) similar to that of wild-type virus (Bagust, 1986; C. Hughes, personal communication, 1988) . Clearly there is a need to develop safer, molecular based vaccines, but studies have been hampered by the limited information available on the molecular biology of this virus. To date, the only such work done on ILTV DNA has been the use of restriction endonuclease digestion to identify differences between strains (Kotiw et al., 1982; Leib et al., 1986) . Only some strains showed differences and the basis for these was not identified. The virus is currently classified as being a member of the alphaherpesvirus subfamily (Roizman et al., 1981) on the basis of its biological characteristics. However, given the discrepancy between the biological classification and the observed molecular classification of two other avian herpesviruses, Marek's disease virus (MDV) and herpesvirus of turkeys (HVT) (Buckmaster et al., 1988) , molecular analysis of ILTV genomic DNA is desirable. In the study of Buckmaster et al. (1988) , translated DNA sequences from the gammaherpesviruses MDV and HVT were more homologous to translated sequences of alpharather than gammaherpesviruses.
The Thorne strain of ILTV was propagated in monolayers of primary chicken kidney (CK) cells. Infected cells were harvested at 48 to 72 h p.i., disrupted by vortexing and detergent treatment, then incubated in the presence of RNase A (0.1 gg/ml). Centrifugation at 2000 r.p.m. was used to remove nuclei and cellular debris then, following proteinase K digestion (0.1 gg/ml), DNA was isolated by ethanol precipitation. DNA for use as 32p-labelled probes was cut from a low gelling temperature gel and labelled using a multiprime labelling kit (Amersham). ILTV DNA was randomly sheared by sonication and selected by size to give fragments of 400 to 1500 base pairs in length. These were end-repaired, then cloned into the Sinai-cut dephosphorylated M 13 mpl0 sequencing vector. Clones containing inserts were screened using 32p_labeUe d ILTV DNA then sequenced using the dideoxynucleotide sequencing method (Biggin et al., 1983) . A sonic digitizer (Graf/Bar, Science Accessories Corporation) was used to read data into a BBC microcomputer and data were analysed on a Vax 11/750 using the computer programs NEEDLE and FASTPM (Binns et al., 1987) , FASTP (Lipman & Pearson, 1985) and RDF-2 (Pearson & Lipman, 1988 et aL (1988) .
II Cases where no statistically significant score was found are represented by -. ¶ s.u., Subunit; RR, ribonucleotide reductase.
The computer program NEEDLE takes a batch of individual gel readings, translates them into all six reading frames and creates a library file to NBRF format. For each direction it also creates a translated sequence which, by switching reading frames to avoid stops, attempts to override possible gel reading errors by finding a 'bestpath' sequence. FASTP was then used to compare each of the translated ILTV sequences in turn to a protein databank containing the translated sequences of the entire herpes simplex virus type 1 (HSV-1) (Davison & Wilkie, 1981 ; Murchie & McGeoch, 1982; McGeoch et al., 1985 McGeoch et al., , 1986 McGeoch et al., , 1988 Perry et al., 1986) , varicellazoster virus (VZV) (Davison & Scott, 1986) and Epstein-Barr virus (EBV) (Baer et al., 1984) genomes and published sequences from cytomegalovirus (CMV) (Cranage et al., 1986 (Cranage et al., , 1988 Kouzarides et al., 1987; Jahn et al., 1987) . This program finds the best region of homology between the sequences being compared and calculates a score. The magnitude of the score depends on the length of the region of homology, the number of identical amino acids present and the number and type of conservative replacements at a given residue position. For example, a conservative change that results in the replacement of one amino acid with a similar amino acid at a given sequence position will give a higher score than one which results in replacement with an unrelated amino acid. Alignments are optimized by the addition of gaps to produce bestfit alignments. Genuinely related sequences will have initial scores greater than 50 that increase to between 100 and 300 after optimization (Lipman & Pearson, 1985) .
In the current study, alignments giving scores between 60 and 100 were carefully scrutinized and checked for the occurrence of regions of homology switching between reading frames or for regions of homology starting near the ends of the region sequenced. Some scores were clearly anomalous, for example a score obtained for a sequence already definitely identified as homologous to another gene. Others, however, were clearly positive and were included in the results. The statistical significance of the matches observed was determined using the RDF-2 program (Pearson & Lipman, 1988) ; all were found to be statistically significant to at least 5 standard deviations.
DNA from approximately 20~ of M13 clones containing inserts hybridized to 32p-labelled ILTV DNA. Out of a total of 300 clones sequenced, 250 were analysed further. The total amount of sequence collected was 42.8 kb with an average length of 171 bases per clone. Overlap between clones reduced the amount of sequence collected to 29-6 kb. Since the estimated genome length of ILTV is 150 to 190 kb (Kotiw et al., 1982; Leib et al., 1987) an estimated 16 to 20 ~ of the genome was sampled. Although the G + C value of the individual sequences varied between 22 ~ and 60 ~, the average value of 46~o obtained in this study agrees with previously published data (Roizman et al., 1981) .
When the sequences described above were compared to the herpesvirus sequence databank, homologies were found to a total of 21 different viral genes (Table 1) . In a number of instances, more than one sequence was found to be homologous to the same gene, and in these cases, only one, usually that giving the highest score, is shown. The majority of ILTV sequences tested were homologous to both VZV and HSV-1 genes and the FASTP optimized scores obtained in these cases were similar. Fewer homologies were found to EBV genes and the scores obtained in these cases were always lower, indicating that ILTV gene sequences bear greater similarity to those of alpha-rather than gammaherpesviruses. ILTV sequences homologous to the DNA polymerase and glycoprotein B gene homologues from HSV-1, VZV and EBV were also homologous to the equivalent CMV sequences; however, scores of 121 and 71 respectively against the CMV genes were lower than those seen with the other three viruses.
It is interesting to note, in Table 1 , that some ILTV sequences appear to bear greater similarity to either their HSV-1 gene or their VZV gene homologues. These were the ILTV homologues of the HSV-1 UL40, VZV 22 and VZV 43 genes. This is probably mainly because in all three cases the regions of homologous overlap between the ILTV sequences and the genes in question happened to occur in regions not particularly well conserved between HSV-1 and VZV. In fact, the HSV-1 and VZV homologues of the small subunit of the ribonucleotide reductase gene (UL40 and VZV 18) contain extensive regions of homologous overlap. Therefore, additional sequence data are required for comparisons of the degree of similarity of ILTV genes to HSV-1 and VZV gene homologues to be meaningful. In this study 21 ILTV putative genes were identified by analysis of 16 to 20~ of the ILTV genome. Since the HSV-1 genome contains 72 genes encoding a total of 70 proteins, this may mean that approximately 30 ~ of ILTV genes have been identified. Thus the methods described here represent an extremely powerful technique to locate many interesting ILTV genes, and given that the genome organization in five other alphaherpesviruses (HSV-1, HSV-2, VZV, pseudorabies virus and equine herpesvirus type 1) has shown extensive collinearity (Davison & Wilkie, 1983 ) these could probably be used to find other interesting ILTV genes.
